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(54) Method for manufacturing ceramic-based composite material 

(57) A matrix formation process 10 is configured 
with CVI process 12 and PIP process 14, 15, 16 in 
which a co-polymer containing at least polycarboxysi- 
lane (PCS) and polymethylsilane (PMS) is applied. 
Crosslinking of each polymer is performed at an inter- 
mediate temperature which is lower than the pyrolysis 
temperature of the polymeres. Polymer impregnation 
process 1 5 for infiltrating the co-polymer into a matrix, 
and inert gas firing process 1 6 for firing the material at a 
high temperature in an inert gas atmosphere. In the 
crosslink process, the mixed polymer is held at about 
573K to 723K for a predetermined time. The conversion 
ratio of the co-polymer crosslinked into SIC in the sub- 
sequent firing process is increased, efficiency of filling 
SiC in the PIP process is increased, and an airtight 
ceramic-based composite material can be manufac- 
tured efficiently within a short time. 
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Description 

BACKGROUND OF THE INVENTION 
Technical field of the invention 

[0001 ] The present invention relates to a method for 
manufacturing a ceramic-based composite material, in 
which the conversion ratio of an organic silicon polymer 
to SiC is increased. 

Prior art 

[0002] Ceramics are highly resistant to heat, but are 
brittle. Therefore, ceramic-based composite materials 
(Ceramic Matrix Ceramics: CMC) reinforced by ceramic 
fibers have been developed. When manufacturing 
CMC, a matrix formation process whereby a matrix is 
created between gaps of formed fiber fabric is config- 
ured with, for instance, a chemical vapor infiltration 
(CVI) process and a polymer impregnation and pyroly- 
sis process (PIP). 

[0003] In the CVI process, the material is processed 
with the vapor of a chemical substance, and a dense 
ceramics matrix is created on the surface of the fiber 
fabric. The PIP is a process whereby an organic silicon 
polymer is dissolved in a solvent such as xylene, and is 
impregnated into a fabric infiltrated with the chemical 
vapor and pyrolyzed in an inert gas, the fabric is fired at 
a high temperature to convert the organic silicon poly- 
mer into SiC. 

[0004] A ceramic-based composite material that 
requires airtightness, used in, for example, a turbine 
blade, thrust chamber, or nozzle, must be filled com- 
pletely with the matrix in the gaps between fibers of the 
CMC fabric by repeating the aforementioned PIP proc- 
ess. 

[0005] However, according to such a conventional 
method for manufacturing ceramic-based composite 
materials, the conversion ratio from the organic silicon 
polymer into SiC during high-temperature is as low as 
30 to 60%,therefore the PIP process must be repeated 
alternately by about 20 times, for instance. As a conse- 
quence, a fairly long time is required for repeated PIP 
processes, resulting in the low production efficiency of 
the ceramic-based composite material, as an undisira- 
ble practical problem. 

SUMMARY OF THE INVENTION 

[0006] The present invention was achieved to solve 
this problem. More explicitly, an object of the present 
invention is to offer a method for manufacturing a 
ceramic-based composite material by increasing the 
conversion ratio of an organic silicon polymer to SiC, 
increasing the infiltration efficiency of SiC in a PIP proc- 
ess, so that an airtight ceramic-based composite mate- 
rial can be manufactured efficiently within a short time. 



[0007] Organic silicon polymers conventionally 
processed by the above-mentioned PIP process 
include, for example, polycarboxysilane (PCS) and 
polymethylsilane (PMS). Polycarboxysilane (PCS) is a 

5 polymer polymerized from its precursor, dimethylchlo- 
rosilane, however, because surplus H atoms and C mol- 
ecules contained in PCS molecules are decomposed as 
hydrogen and methane in the initial period of the inert 
gas firing process, conventional conversion ratios to SiC 

w are approximately 60%. In addition, polymethylsilane 
(PMS) is a polymer polymerized from its precursor, 
monomethylchlorosilane, but because PMS is a low- 
molecular-weight oligosilane, the conversion ratio to 
SiC is still lower, e.g., about 40% at maximum. In addi- 

15 tion, the SiC produced contains much Si. 

[0008] According to the present invention, polycar- 
boxysilane (PCS) and polymethylsilane (PMS) are 
mixed beforehand to protect a conventional organic sili- 
con polymer from decomposition during the initial 
20 period of the inert gas firing process to make PCS and 
PMS Crosslin ked together, and the conversion ratio to 
SiC is increased. 

[0009] In detail, according to the present invention, 
the method for manufacturing a ceramic-based com- 

25 posite material is configured with a fiber fabric formation 
process whereby the fiber fabric is formed with inor- 
ganic fibers, a fiber surface treatment process that 
forms a coating layer on the surface of the aforemen- 
tioned fabric, and a matrix formation process in which a 

30 matrix is produced between the fibers; the above-men- 
tioned matrix formation process is composed of a 
crosslink process in which a mixed organic polymer 
containing at least polycarboxysilane (PCS) and 
polymethylsilane (PMS) is maintained for a predeter- 

35 mined time at an intermediate temperature which is 
lower than the firing temperature of the polymer, and 
PCS and PMS are crosslinked together, a PIP process 
in which the organic polymer is impregnated into the 
material, and an inert firing process whereby the mate- 

40 rial is fired at a high temperature in an environment with 
an inert gas, after the previous crosslink process. 
[0010] According to this method, the polycarboxysi- 
lane (PCS) and polymethylsilane (PMS), mixed in a pol- 
ymer mixing process, are crosslinked in molecules 

45 together in the crosslink process, into a polymer with a 
Si-C rich skeleton. The subsequent loss during high- 
temperature firing in the inert gas is reduced, so the 
conversion ratio to SiC can be increased. 
[0011] According to a preferred embodiment of the 

so present invention, the mix of PCS and PMS is main- 
tained at about from 573K to 723K for a predetermined 
time in the aforementioned crosslink process. An exper- 
iment using this method revealed that a conversion ratio 
to SiC of about 90% could be achieved. 

55 [0012] Other objects and advantageous features of 
the present invention will be understood referring to the 
following description with reference to the attached 
drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 is a flow chart that shows a method for man- 5 

ufacturing a ceramic-based composite material 

according to the present invention. 

Figs. 2A and 2B show molecular structures of 

organic polymers used in the method of the present 

invention; Fig. 2A for polycarboxysilane (PCS) and 10 

Fig. 2B for polymethylsilane (PMS). Fig. 2C shows 

the molecular structure of a mixed organic polymer 

according to the present invention. 

Fig. 3 shows an embodiment of the method of the 

invention. 15 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0014] Preferred embodiments of the invention are 
explained as follows referring to the drawings. 20 
[0015] Fig. 1 is a flow diagram showing the method 
for manufacturing a ceramic-based composite material 
according to the present invention. As shown in Fig. 1 , 
the method of the invention is provided with fiber fabric 
formation process 2, fiber surface treatment process 4, 25 
matrix formation process 10, and machining process 6. 
[0016] In fiber fabric formation process 2, a fiber 
fabric with a predetermined shape is formed using SiC 
fibers. Preferred structures completed in this process 
include three-dimensional ones applicable to the com- 30 
ponent parts of a gas turbine, such as a turbine blade, 
thrust chamber, and after-burner component, but a pla- 
nar shape can also be formed. 
[0017] In fiber surface treatment process 4, carbon 
(more preferably, graphite carbon) or BN is coated on 35 
the formed fiber fabric. A preferred thickness of coating 
is from 0.1 to 1.0 M.m. The coating layer plays a role of 
separating matrix from fibers and enhancing the tough- 
ness of fibers, as disclosed in the unexamined Japa- 
nese patent publication No. 12671/1988. 40 
[0018] Machining process 6 is a process in which 
the ceramic-based composite material completed in 
matrix formation process 10 to be detailed later is 
mechanically processed and surface ground into the 
preferred gas turbine component part. In this process, 45 
the material is machined into a predetermined shape 
using, for example, a diamond grindstone. 
[0019] As shown in Fig. 1 , matrix formation process 
10 further includes chemical vapor infiltration process 
12, polymer impregnation process 15, co-polymer by so 
crosslink 14, and inert gas firing process 16. 
[0020] In chemical vapor infiltration process 12, a 
CVI (chemical vapor infiltration) method is used; a fabric 
fixed in an oven using a dedicated jig is heated, methyl- 
trichlorosilane is introduced in an evacuated environ- 55 
ment, and SiC is synthesized. The targeted volumetric 
ratio of synthesized SiC is normally about 0.2. 
[0021] The mixing ratio of polycarboxysilane (PCS) 



and polymethylsilane (PMS) is selected preferably to 
increase the conversion ratio to SiC, for instance, the 
ratio in terms of weight is set at from 1:1 to 2:1 . 

[0022] In co-polymer by crosslink process 1 4, the 
material is maintained at an intermediate temperature 
that is lower than the firing temperature for a predeter- 
mined time, to crosslink PCS and PMS. In this process 
14, the material should preferably be kept between 
about 573K and about 723K. 

[0023] In polymer impregnation process 15, an 
organic polymer manufactured in the process 14 is 
impregnated into the fabric processed by the CVI 
method, after dissolving the polymer in a solvent etc. 
[0024] Next, in inert firing process 16, the material 
is fired at a high temperature of up to about 1 ,200°C in 
an inert gas atmosphere (for instance, nitrogen gas), to 
convert the organic silicon polymer into SiC. Polymer 
impregnation process 15 and inert gas firing process 16 
are applied alternately until the gaps between fibers of 
the fabric are filled with SiC, for example, for four to five 
times, approximately. 

[0025] Figs. 2A and 2B show molecular structures 
of organic polymers used in the method of the invention, 
i.e., polycarboxysilane (PCS) and polymethylsilane 
(PMS), respectively, which are used individually accord- 
ing to conventional methods. Polycarboxysilane (PCS) 
is a polymer polymerized from its precursor, dimethyl- 
chlorosilane. However, the conversion ratio to SiC is as 
low as about 60% even at maximum. Polymethylsilane 
(PMS) is polymerized from its precursor monomethyl- 
chlorosilane, but because PMS is a low-molecular- 
weight oligosilane, its conversion ratio to SiC is still 
lower, that is, about 40% at maximum. 
[0026] The co-polymer produced in polymer mixing 
process 13 according to the present invention is merely 
a mixture of polycarboxysilane (PCS) and polymethylsi- 
lane (PMS). However, by the subsequent process 14, 
PCS and PMS are molecular bonded together (linked) 
into a polymer with a high Si-C content skeleton as typ- 
ically shown in Fig. 2C, according to theoretical studies 
so far. As a result, the conversion ratio to SiC is 
increased to more than about 90%. 
[0027] Fig. 3 shows an embodiment of the method 
according to the invention. In Fig. 3, the abscissa shows 
temperatures increased from 500°C to about 1 ,300°C, 
and the ordinate shows mass residues of the organic 
silicon polymer. The three lines drawn in Fig. 3 repre- 
sent the method of the present invention with a solid 
line, the method using PCS with a fine solid tine, and the 
use of PMS with a broken line. The same temperature 
rises were applied to all three types. 
[0028] From Fig. 3, mass residues, that is, conver- 
sion ratios to SiC at 1 ,200°C or more are about 60% 
when PCS was used and about 35% using PMS, but 
according to the method of the invention, the ratio is 
more than about 90%. This explicates the effects in 
crosslink process 14 as described before. 
[0029] Hence, the method for manufacturing a 
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ceramic-based composite material according to the 
present invention increases the conversion ratio of an 
organic silicon polymer to SiC, enhances the SiC-filling 
efficiency in the inert gas firing process, and efficiently 
manufactures the ceramic-based composite material 5 
with airtightness within a short time. 

[0030] The invention can be modified in various 
ways, which are not limited within the embodiment of 
the invention, as far as there is no deviation from the 
claims of the present invention. For example, an organic 10 
polymer such as PVS (polyvinylsilane) can also be used 
with the same expected effects. 



Claims 

15 

1. In the method for manufacturing a ceramic-based 
composite material, comprising a fiber fabric forma- 
tion process for forming a fiber fabric using inor- 
ganic fibers, a fiber surface treatment process for 
forming a coating layer on the surface of the said 20 
fabric, and a matrix formation process for forming a 
matrix between fibers; 

said matrix formation process comprises a 
crosslink process for making a co-polymer compris- 
ing at least polycarboxysilane (PCS) and polymeth- 25 
ylsilane (PMS) crosslinked together by holding the 
mixed organic polymer at an intermediate tempera- 
ture which is lower than the firing temperature of the 
polymer, for a predetermined time, a polymer 
impregnation process for infiltrating the mixed co- 30 
polymer into the material, and an inert gas firing 
process for firing the material processed through 
the previous process at a high temperature in an 
inert gas environment. 

35 

2. The method for manufacturing a ceramic-based 
composite material, specified in Claim 1 , in which 
the material is held at about 573K to 723K for a pre- 
determined time in the said co-polymer by crosslink 
process. 40 



45 



50 



55 



• ► 



EP1 063 210 A1 



Fig. 1 





MATERIAL FIBERS 


- FIBER 


FABRIC 


I 


FORMING 





•FIBERS SURFACE 
TREATMENT 



MATRIX FORMING 



10 



12 



CHEMICAL VAPOR 
INFILTRATION 



14 



• co- 


■POLYMER 


BY 


CROSSLINK 



15 



16 



CO-POLYMER 
IMPREGNATION 

1 



INERT GAS 
FIRING 




PRODUCT OF COMPOSITE MATERIAL 



5 



0 

EP 1 063 210 A1 




Fig.2C 




90% 



SiC 



6 



t 



EP 1 063 210 A1 



Fig.3 



as 

ed 



100 



80 



60 




40 



20 



Jm 



400 



PCS-PMS723 

PCS-OR IGINAL 

PMS-ORIGINAL 



7 

PMS 



600 



800 



1000 



1200 



Temperatnre/K 



7 



EP1 063 210 A1 




Office 



EUROPEAN SEARCH REPORT 



AppBoetlon Number 

EP 00 10 6153 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, when) appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (hLCLT) 



MO 97 31064 A (FLAMEL TECHNOLOGIES) 
28 August 1997 (1997-08-28) 

* page 10, line 6 - line 35; clains 1-8; 
exanple 5 * 

EP 0 781 737 A (KABUSHIKI KAISHA TOSHIBA) 
2 July 1997 (1997-07-02) 

* abstract; cla1«s 1-15; figure 1 * 



1,2 



C04B35/571 
C04B35/80 



1,2 



TECMMCAL FIELDS 

flnLCLT) 



C04B 



The present search report has been drawn up for all claims 



THE HAGUE 



22 September 2000 



Hauck, H 



a 

8 



Category of cited documents 

X : particularly retovaRt If tatam otone 

Y r psittoulifty relevant V combined with another 

document of the asms category 
A : technological baoKpjeund 
O : non-wrteen ofcdoaure 

. nwirvKisi ooGurnern 



T : theory or principle underlying the invention 
E : eartor potent document, but pubftahed on, or 

after the ting date 
D ! document ottod In the appHcdbon 
L * document ottod for othor i 



& : member of the Mm* patent (amty, coneaponefng 
document 



8 



EP 1 063 210 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 10 6153 



This annex lists tha patent family members relating to the patent documents cited In the abowy-merrtionad European search report. 
The members are as contained in the European Patent Office EDP fie on 

The European Patent Office 1$ ki no way late tor these particulars which are merely tfvenforihe purpose of InfMmaflon. 

22-09-2000 



Patent document 
cited In searcri report 



Publication 
date 



Patent famfly 
members) 



Publication 



W0 9731064 



28-08-1997 



FR 2745292 A 



29-08-1997 



EP 781737 



02-07-1997 



W0 9608453 A 



21-03-1996 



For more details about this annex : see Official Journal of the European Patent Office, No, 12/B2 



9 



V 



